Observations of the Balmer and Paschen continua in a quiet prominence are discussed. Their selfconsistency is considered and the observations analyzed for derivation of mean values of the electron temperature and density. A graphical method is given for determining these mean values from the magnitude of the Balmer or Paschen jump, together with the emission per unit volume in the appropriate freebound continuum. It is pointed out that, because of the relatively small jump at the series limit, Paschen continuum observations are much less useful than those at the Balmer limit The Balmer jump and total emission is found to be consistent with the mean values T e c±¿ 12000° K and n e^S X 10 10 cm -3 . These results are compared with those derived previously in the same way, for a flare-type loop, namely, T e^ 15000° K and n e 2 X 10 11 cm -3 , and for a chromospheric flare T e ^ 12000° K and n e ^3 X 10 11 cm -3 .
I. INTRODUCTION
The value of continuum observations of phenomena beyond the solar limb has been stressed by a number of authors, e.g., Zanstra (1950) and Thomas (1950) . Although frequently quite weak compared with the line emission, for interpretive purposes continuum observations have three decided advantages. First, they are free from complications introduced by motion of the emitting particles; the influence of motion on line shapes leads to a major problem in interpretation which is still unsolved. Second, the emitting features are probably always optically thin in the continua, which eliminates the difficult transfer problem associated with optically thick lines. At the same time, of course, this fact precludes a general study of the depth variation of the emission unless some geometrical variation is assumed-as was done, for example, in analyzing chromospheric continua by Athay, Menzel, Pecker, and Thomas (1955) and, for a chromospheric flare, by Jefferies and Orrall (1961a) (Paper II) . Obviously, a line profile formed in an optically thick atmosphere contains more information than a profile arising from an optically thin atmosphere; however, the extraction of this information is such a difficult problem that the low-opacity continuum measures have decided advantages. Finally, the mechanism of formation of the continua is much more soundly based than is that of the lines. For interpretation we require, for free-bound and free-free hydrogen continua, no other assumption than that the electron velocity distribution is Maxwellian. Some difficulties occur, as will be seen, in the specification of the H" emission, which requires a knowledge of hydrogen ionization. For solar prominences, however, this difficulty can be easily resolved.
In this series of papers we have pointed out some gross discrepancies arising from attempts to interpret line and continuum emissions on the usually accepted basis. A principal purpose of later papers will be to see how such discrepancies may be removed. For the reasons given above, one is more inclined to suspect the validity of line analyses than those of the continuum; however, as long as line profiles remain our sole source of much information (velocities, abundances), it is essential that their analyses be put on a sound basis. For this purpose we shall, in this and subsequent papers, devote considerable atten-747 J. T. JEFFERIES AND F. Q. ORRALL tion to the analysis of line and continuum emissions of single prominences observed in spectral regions covering the Balmer and Paschen series limits.
Previous observations of Ba-c in prominences and limb flares have been obtained mainly at eclipses; these have been discussed by Davidson et al. (1928) , Koelbloed and Veltman (1951) , Redman and Zanstra (1952), Haug (1952) , and Athay and Orrall (1957) . Outside eclipse, Lyot (1939) has obtained spectra with a coronagraph.
On the basis of Zanstra's (1950) theoretical discussion, supplemented by the assumption of radial symmetry in the emission, we obtained, in Paper II, the depth variation of the electron density (w e ) and temperature (7%) in a spray-type limb flare. While the line spectrum indicated temperatures of at least ^10 5 ° K, the continuum analysis indicated T e < 15000° K. Similar inconsistencies occurred (Paper III) for a flare occurring as a condensation in an active coronal region.
In this and the following paper we consider whether such discrepancies are to be found in quiescent prominences. An original intention was also to test the compatibility of observations in the two continua; although this was not fully possible, the results are nevertheless of considerable interest. (20) IRC (30) IRC (40) IRC (50) ii. observations of Ba-c and Pa-c in a solar prominence Spectra of a prominence-designated SSI 18 and chosen for its stability during its disk passage-were obtained with the 4-inch coronagraph and spectrograph at the Sacramento Peak Observatory. The equipment and the photometric procedures are described in Paper II. Details of the observations are shown in Table 1 . It seems, from experience, that the Ba-c emission in a quiescent prominence is readily measurable above a fairly pure sky. The continuum to the red of the limit is considerably fainter, however, and can be measured satisfactorily only in brighter prominences. The Paschen continuum radiation is-theoretically-only 0.06 as bright as the Balmer; however, for a sky pure enough to show a X" 4 brightness variation, the decrease in intensity is largely compensated for by the weaker sky background. This paper is based on the spectrograms listed in Table 1 . Those in the Paschen region designated IRC were exposed with the spectrograph slit stepped successively by accurately graded amounts corresponding to 4600 km on the prominence. Microphotometer tracings were made across the dispersion at the following wavelengths-chosen as free of spectral lines-XX 3672, 3642, 8367, 8200. On subtraction of the sky background and conversion to absolute intensity, these traces give the distribution of emission across the prominence (i.e., equivalently, along the slit) at the wavelengths inside and outside the series limits; results are tabulated in Table 2 . The distance L is the adopted prominence thickness in the line of sight, assumed equal to the distance over which the observed emission drops to half its maximum value. The intensity I\ refers to the maximum emission, while € woo is the emission per unit volume due to either Balmer or Paschen free-bound transitions and is derived by differencing the intensities on either side of the limit and dividing by L. Finally, R, as in Paper II, is defined as the ratio of e noo to the corresponding emission just to the red of the limit. Since neither of the continua in the blue shows significant wavelength variation, we define R (Ba-c) €(3642) -e(3672) 7(3672)
For the Paschen continuum a correction is necessary to reduce the observed values at X 8367 to their equivalent values at X 8204+. With this correction, an jR(Pa-c) is defined in analogy with equation (1).
III. INTERPRETATION OF THE CONTINUOUS EMISSION a) The Emission Coefficients
Following Zanstra (1950), the important sources of continuum emission in solar features are enumerated as (i) free-bound and (ii) free-free hydrogen transitions, (iii) elec- tron scattering of photospheric radiation, (iv) free-bound, and (v) free-free emissions in the H" ion. In Paper II the corresponding emissions at the Balmer series limit were given. At the Paschen limit (X 8204) the emission in ergs cm -3 sec -1 steradian -1 in AX = 1 cm are as given below:
Electron scattering = 4.69 X 10 -11 w e , In these expressions, w = 3, 4, 5, etc., according to whether the emission (at X 8204) is due to the Paschen, Brackett, Pfund, etc., continua. Hydrogen has been assumed the sole source of electrons (so n e = n p ) and nn is the neutral hydrogen density. J.
T. JEFFERIES AND F. Q .ORRALL b) Hydrogen Ionization
To determine the H" emission, we must relate to n e and T e , i.e., we must compute the degree of ionization of hydrogen. As is well known, this depends on the opacity in the Lyman continuum; this is readily appreciated because this opacity controls the degree of imbalance between photoelectric ionizations and recombinations. However, for values of n e and T e at which H" emission makes a significant contribution to the emission, is sufficient to make r(Lc) >>> 1 for depths exceeding a few kilometers. We may thus adopt a condition of detailed balance in radiative transitions involving Lc and the early Lyman lines in which case (Jefferies and Giovanelli 1954) -^^ , where n c -n p , Cij are collision-excitation rates, and Pij are rates of radiative plus collisional transitions. The summations in equation (6) are to be carried out for y > 2; the TABLE 3 The Ratio n c /ni for Hydrogen nature of the approximations leading to equation (6) requires that these summations be restricted to the first few levels.
Some typical results, based on transition rates given by Jefferies and Giovanelli (1954) , are shown in Table 3 . It is to be emphasized that, in spite of assertions to the contrary in the literature, these conditions of high opacity in Lc do not imply an ionization degree given by the Saha equation. This question has been discussed by Pottasch and Thomas (1960) . The high-opacity condition is not necessarily satisfied for a solar prominence in all cases shown in Table 3 ; thus for n e = 10 10 cm -3 , T e = 10 4 , r(Lc) ^ 2 X 10 -10 z, with z the prominence thickness in cm. However, under all such conditions the H _ contribution to the emission is negligible, and it can, for our purposes, be neglected. For T e ^ 5 X 10 3 ° K the electrons will probably come from ionization of metals. Such conditions do not, however, seem to be of interest in solar prominences.
Knowing, from Table 3 , n\ for given n e and T e , the ratio R for the Balmer and Paschen series limits can be computed, using equations (l)-(5) or the corresponding values in Paper II. Results are shown in Figures 1 and 2 .
A representation more convenient for some purposes shows curves of constant R, obtained from Figures 1 and 2 , as functions of n e and T e ; these are given in Figures 3 and 4 . Also shown on these figures are curves of constant free-bound emission in the respective continua. Thus, knowing R and e for (say) the Balmer region, these figures give corresponding n e and T e of the emitting region. However, we measure only an integral of e over the line of sight; e itself can be obtained only from an assumption on its geometrical variation-e.g., that it has radial symmetry.
For illustration, Figures 3 and 4 also show the variation of a quantity = T e (2n e + w H ), which is, of course, approximately related to the gas pressure P g by Pg ~ 1.4 X 10 -16 (j) ,
with Pg in dyne cm" 2 and <£ in cm" 3° K.
IV. RESULTS
Mean values of n e and T e , deduced from R and e shown in Table 2 , for the prominence region showing maximum emission in the continuum are given in Table 4 . Unfortunately, the UVA observations were made at a height where the Pa-c emission was weak. It is Fig 1. -Variation of R, at the Balmer limit, with T e for the various values of n e (in cm 3 ) indicated against the curves rather difficult to obtain an origin for a common height scale for the two wavelength regions. An estimate based on known properties of the coronagraph optics suggests that somewhere between GH 30 and 50 on the IRC spectra corresponds to the height for which the UVA was made. This is also suggested from the run of e(Pa-c) with height, as can be seen from Table 2 , bearing in mind that, theoretically, €(Pa-c)/e(Ba-c) ^ 1/17.
Thè agreement between the two continua must be assessed in terms of their sensitivity to errors of observation. Because the jump at the Balmer limit is large (R ^ 5), the derived n e and T e are insensitive to reasonable errors in the continuum measures near X 3640. The Paschen jump is, however, small, and the derived values of n e and T e are consequently very sensitive to errors in the measured intensities on each side of X 8204.
Bearing this in mind, we can see that the values in Table 4 of n e and T e derived from the Paschen continuum at GH about 40 are consistent with those derived from the Baimer continuum. They would indeed be exactly coincident if the intensities at X 8200 and X 8367 were changed to 6.9 and 5.4 X 10 9 cgs units. This change is certainly not beyond the limits of accuracy of the photometry. At the same time, it shows that observations at the Paschen limit are not likely to throw much light on prominence excitation; however, the consistency is reassuring.
It must be emphasized that these values are means, based on the assumption that the prominence material is uniform and uniformly distributed over the distance L in Table 2 . However, the high-resolution photographs of prominences made by R. B. Dunn (illustrated, e.g., by Menzel and Wolbach 1960) show the material to have a threadlike form, so that the dimension L may be an overestimate. Thus, from Figure 4 , e and so n e and T e will be underestimated. If, for example, the linear dimension were to be reduced by a Fig 3. -Curves of constant R at the Balmer limit, e in the Balmer continuum, and <f> as functions of n e and T e (cgs units). factor of 5, we should find n e = 2 X 10 11 cm" 3 , T e = 15500° K. Such a large change in prominence thickness seems unreasonable, however, since the emission is observed to be quite smooth over an angular distance much greater than the image fluctuationss due to seeing or to random guiding errors.
In Paper II we found, from a similar study of the Balmer jump in a chromopher ic limb flare, mean values for n e and T e of 2.8 X 10 11 cm -3 and 1.10 X 10 4 ° K, respectively. These values suggest that quiescent prominences and flares have very similar electron temperatures but differ in electron density (and so in pressure). It is tempting to try to explain the different dynamical features and lifetimes in these terms; however, this seems premature until the result is confirmed.
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